To investigate: (i) the incidence of impaired fasting glycaemia (IFG) developed over 5 y in a population-based sample of Australian-born women; (ii) prospectively the factors which are associated with the development of IFG; (iii) the association of the menopausal transition with the onset of IFG and an increase in serum insulin concentrations. DESIGN AND METHODS: A total of 265 women (110 pre-, 138 peri-, 17 postmenopausal) participants in the longitudinal phase of the Melbourne Women's Midlife Health Project, aged 46 ± 57 and with normal fasting plasma glucose concentrations at the time of the initial measure, were interviewed, had physical measurements and blood taken annually over a 5 y follow-up period. RESULTS: During the study period 43 women (16%) recorded a fasting glucose concentration of !6.1 mmolal (IFG). Women who recorded IFG prospectively had, at the time of the initial measure when fasting glucose concentrations were normal: higher body mass index (BMI), trunk skinfold thicknesses, waist and hip circumferences (P`0.005), lower SHBG, higher free androgen index and serum insulin concentrations (P`0.05), higher systolic blood pressure, serum triglyceride and lower HDL-cholesterol concentrations (P`0.05) than women whose fasting glucose concentrations remained normal. The onset of IFG was not triggered by the menopausal transition or hormone use. Changes in insulin concentration were associated with changes in BMI (P`0.05). CONCLUSION: Women who developed IFG during the menopausal transition exhibited signi®cantly higher levels of body fatness and dyslipidemia, premenopausally, compared with the women who did not develop IFG. The menopausal transition did not have an effect on the development of IFG, but weight gain during this period was associated with an increase in insulin concentration.
Introduction
Type 2 diabetes is a strong risk factor for coronary heart disease, ischaemic stroke, and cardiovascular mortality among middle-aged women. 1 Oestrogen de®ciency, associated with the menopause, has been reported to have a deleterious effect on plasma lipids and lipoproteins, and to increase the risk of heart disease. 2 An increase in abdominal fat has also been reported to be associated with a number of metabolic abnormalities including dyslipidemia and insulin resistance, which lead to an increased risk of heart disease, 3 although the importance of visceral obesity as a causal agent remains to be established. 4 An increase in central body fatness also occurs with the menopause transition, 5, 6 however, the effect of the menopause on insulin sensitivity has not been clearly established. Matthews and colleagues 2 reported that the natural menopause did not affect fasting plasma glucose or insulin, whereas Poehlman and colleagues 5 found in an age-matched sample that women who experienced the menopause had a signi®cantly greater increase in insulin compared with women who remained premenopausal.
Further information is needed from prospective population-based studies on the role of the menopausal transition in the development of insulin resistance and impaired fasting glycaemia. A fasting plasma glucose concentration of !6.1 and`7.0 mmolal is classi®ed as impaired fasting glycaemia (IFG) 7 and it is associated with the risk of developing diabetes.
The aims of this study were to investigate: (i) the incidence of IFG developed over 5 y in a population-based sample of Australian-born women; (ii) prospectively the factors, at the initial measure, which were associated with the development of IFG; (iii) the association of the menopausal transition with the onset of IFG and an increase in insulin concentrations.
Subjects and methods
The study was approved by the Human Research Ethics Committee of the University of Melbourne. Details of the sample acquisition and characteristics and questionnaire design of the Melbourne Midlife Health Project have been described previously. 8, 9 In summary, an initial sample of 2001 Melbourne women who were Australian-born and aged between 45 and 55 y were recruited by random digit telephone dialling in 1991. Women were eligible for the longitudinal study if they had menstruated in the previous 3 months, had an intact uterus and at least one ovary and were not currently taking oral contraceptives or hormone therapy (HT). From the original 2001 women, 779 met this criteria, of whom 438 (56%) agreed to be interviewed in the ®rst year of the longitudinal study. Participants were signi®-cantly more likely than eligible non-participants to: report better health compared with women of the same age; be in paid employment; have had more than 12 y of education; have had a Pap smear; to exercise once a week; and to have undergone dilatation and currettage. 9 Fasting plasma glucose was ®rst estimated in the second year of follow-up in the longitudinal study. The content of this paper represents 6 y of data collection, from the second to the seventh year of follow-up. Retention after the seventh year was 390 (89%). The second year of follow-up data is referred to as the initial measure for the purpose of the present paper.
Menopausal status
Menopausal status was determined by menstrual history reported at the time of the interview, and date of ®nal menstrual period (FMP) was veri®ed with the aid of menstrual diaries that had been kept prospectively. Women were classi®ed as premenopausal if they reported no change in frequency of menses, early perimenopausal if there were changes in frequency of their menses, late perimenopausal if they reported amenorrhoea of at least 3, but less than 12 months, and naturally postmenopausal if there was amenorrhoea for 12 or more consecutive months. 10 Women who had experienced a hysterectomy, with or without oophorectomy, or an endometrial ablation were classi®ed as having a surgical menopause. Hormone therapy use was recorded at the time of each interview.
Laboratory assays and measurements
Women had fasted overnight for at least 10 h prior to blood collection. For women with regular menstrual cycles, the morning blood sample for hormone analysis was taken between days 4 and 8 of the menstrual cycle. For women who were not having regular menses the date of their last menstrual period was noted at the time the blood was taken. Plasma glucose was measured using the hexokinase method and performed on Dimension clinical chemistry systems (Dade International Inc. Newark, USA). Insulin was measured by radioimmunoassay using Linco Human Insulin Speci®c kits (Linco, Missouri, USA). Total cholesterol and HDL cholesterol and triglycerides were measured according to standard enzymatic methods on routine automated chemistry systems. LDL cholesterol was calculated using the Friedwald formula adapted for SI units. Serum concentrations of FSH, oestradiol (E2), and testosterone (T), were measured as described previously. 9 Sex hormone binding globulin (SHBG) and dehydroepiandrosterone sulphate (DHEAS) were measured by automated enzyme immunoassay using the Immulite system purchased from Diagnostic Products Corporation, California, USA. Free androgen index (FAI) was calculated as the ratio of measured T to measured SHBGÂ100. Systolic (SBP) and diastolic (DBP) blood pressure were measured twice, 5 min apart, with the subject seated, and the mean of the two measures calculated.
Physical and lifestyle measuresafamily history
The following measures were recorded annually: body height, measured to the nearest 0.1 cm with subjects in the erect position without shoes; body weight, measured to the nearest 0.1 kg with subjects wearing indoor clothes but no shoes; body mass index (BMI), calculated as weight (kg)aheight (m 2 ); waist circumference, measured at the narrowest part of the trunk; hip, measured at the widest circumference over the great trochanters; four skin-fold thicknesses, triceps, biceps, subscapular and supra-iliac, measured using Harpenden skin-fold callipers, two readings taken at each site (recorded to the nearest mm) and if the differences were large, a third measurement taken and the mean of the closest pair recorded.
Three measures of lifestyle-related behaviours were included: (i) exercise, recorded as frequency of engaging in exercise for ®tness or recreational purposes, with seven answer options (every day; 4 ± 6 times per week; 2 ± 3 times per week; once a week; a few times a month; less than once a month; never); (ii) current smoking (yesano); and (iii) alcohol intake, recorded as number of alcoholic drinks consumed in the previous week. Participants were asked if any family members had been diagnosed with diabetes and if so their age at diagnosis and their relationship was recorded.
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Statistical analysis
Because of skewed distributions, the BMI, waist, hip, triglyceride, insulin and hormone values were log-transformed before analysis. Chi-square and t-tests were used to assess differences between women who recorded IFG and those that did not. Where women were taking blood pressure or cholesterol-lowering drugs their values for blood pressure and lipids were excluded from the analyses. Paired t-tests were used to assess differences between initial and follow-up measures and t-tests for independent samples were used to assess change. Logistic regression analysis was used to examine the in¯uence of variables on case status using quintiles calculated from the distribution of the data. Multiple linear regression was used to assess the effects of the independent variables (initial age and BMI, change in BMI, menopausal change group) on change in insulin levels. SPSS software was used for all analyses.
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Results
Sample
Excluded from the analysis were: six women who had previously been diagnosed with diabetes; four women who recorded IFG at the time of the initial measure; 61 women who were taking hormone therapy at the time of the initial glucose measurement, as hormone therapy may effect serum lipids or insulin sensitivity; 12 25 women who had had a surgical menopause during the study period and 29 women who did not provide a blood sample every year. This left a cohort of 265 women with a mean age (s.d.) of 50.5 (2.5) y, range 46 ± 57 y at the time of the initial glucose measurement and normal fasting glucose concentrations. At this stage 110 (42%) women were premenopausal, 89 (34%) were early perimenopausal, 49 (18%) were late perimenopausal and 17 (6%) were postmenopausal.
Incidence of impaired fasting glycaemia (IFG)
Of the 265 women, 43 (16%) recorded a fasting glucose concentration of ! 6.1 mmolal (range 6.1 ± 9.4 mmolal) on at least one occasion over the 5-y follow-up period. Nineteen women (7%) recorded IFG on more than one occasion. Ten women recorded concentrations of b 7.0 mmolal and of these two reported a diagnosis of type 2 diabetes by their doctor. Table 1 shows that women who prospectively developed IFG had at the time of the initial normal glucose measures, higher BMI, trunk skinfold thicknesses, and waist and hip circumferences (P`0.005) than women whose fasting glucose remained normal during the 5 y follow-up period. They had lower serum SHBG, and higher FAI and serum insulin concentrations (P`0.05). Table 2 shows that mean serum triglyceride concentrations and systolic blood pressure were higher and HDL cholesterol levels were lower in the women who prospectively developed IFG (P`0.05). There was also a trend for diastolic blood pressure to be higher in the IFG group (P 0.07). Figure 1 illustrates the relationship between the development of IFG and BMI. BMI was divided into quintiles and the reported log odds ratios (95% con®dence intervals) are relative to the middle category. Table 3 shows the change in variables over the 5 y study period. There was a signi®cant increase in mean BMI, trunk skinfold measures and waist circumference in both groups; the increase in BMI, after adjusting for initial measures, was greater (P`0.05) in women who developed IFG. Mean SHBG concentrations fell and insulin and FAI concentrations increased in both groups with the changes only being Impaired fasting glycaemia in middle-aged women JR Guthrie et al signi®cant in the IFG group. The change in insulin was greater in the IFG group compared with the normal glycaemic group (P`0.05).
Variables associated with IFG
In both groups there were increases in serum triglycerides and total and LDL cholesterol over the study period (P`0.05). There was a small decrease in HDL cholesterol in the IFG group, and an increase in HDL cholesterol in the normal glycaemic group (both N.S.). After adjusting for initial measures there was no difference in the changes in the serum lipid concentrations and blood pressure measures between the two groups over the 5 y period. Twenty-three percent of the women who prospectively developed IFG reported having a family history of diabetes compared with 15% of the normal glycaemic group (P 0.2). There was no difference in exercise or smoking behaviours, or alcohol intake between the IFG or normal glycaemic groups. Table 4 summarizes the percentage distribution of menopausal status for each group at initial measurement and followup. There were no signi®cant differences between the groups with regard to menopausal status or change in menopausal status. There was also no signi®cant difference between the stages of the menopausal transition as regards to the onset of IFG.
Menopausal transition and IFG
Menopausal transition and insulinaglucose concentrations
Women who experienced a natural menopause (n 89), that is changed from pre-or early perimenopausal to postmenopausal, were older at initial measurement (P`0.0005) compared with women who remained pre-or perimenopausal (n 45) over this period. Mean BMI and glucose concentrations increased signi®cantly over the study period in both groups, as did insulin concentrations in women who experienced the natural menopause. There was no signi®cant difference between the two groups for glucose and insulin concentrations or changes in these measures.
Multiple regression analysis found that changes in insulin were independent of age and whether the women remained pre-or early perimenopausal or experienced the natural menopause but were associated with initial BMI (P 0.05) and change in BMI (P`0.05).
Discussion
The 43 women (16%) who prospectively developed IFG were signi®cantly different at the time of the initial normal glucose measurement in a number of variables to those . BMI is divided into quintiles. Log odds ratios (95% con®dence intervals) are relative to the middle category. Impaired fasting glycaemia in middle-aged women JR Guthrie et al who did not develop IFG. The women who developed IFG tended to exhibit the cluster of risk factors referred to as Syndrome X, that is a high level of body fatness, central adiposity, high insulin concentrations and dyslipidemia (high triglycerides and low HDL-cholesterol), 13 factors that also put them at increased risk of cardiovascular disease.
Elevated triglyceride concentrations, low HDL-cholesterol and hypertension are associated with an increased risk of developing type 2 diabetes.
14 Our women who developed IFG exhibited higher triglyceride, lower HDL-cholesterol concentrations and higher blood pressure than the women who remained normal glycaemic, although their actual mean values were not abnormal at this stage. However, mean BMI, one measure of body fatness, was in the overweight category in the IFG group and has been reported to be strongly associated with serum lipid levels and blood pressure. 15 A high BMI is probably driving the development of other risk factors in this complex metabolic syndrome which precedes type 2 diabetes.
It is debatable as to whether a single fasting blood glucose concentration is useful as a screening tool for diabetes. Larsson et al 16 reported that in a large homogeneous population of Swedish women a single fasting blood glucose was not a useful tool for the measurement of diabetes prevalence. One of the aims of our study was to identify Australian-born women with raised fasting glucose, which is a risk factor for the development of diabetes. We were not using fasting glucose as a diagnostic indicator of clinical diabetes. Stern and colleagues have reported that conventional cardiovascular risk factors can predict future diabetes at least as well as, and probably better than, impaired glucose tolerance tests. 17 At initial measurement the women who prospectively developed IFG had lower SHBG concentrations and a higher free androgen index than women with NFG. This increased androgenicity probably predisposed them to increased triglyceride and lower HDL-cholesterol concentrations. The majority of women were either pre-or early perimenopausal at initial measurement, so the hormone ®ndings were not related to menopausal status. SHBG levels have been reported to decline following the menopause 18, 19 and did so over the 5 y follow-up period in both IFG and NFG groups, the women with IFG experiencing a greater decrease over this period. Other studies have shown that low SHBG concentrations are a predictor of the development of type 2 diabetes in both pre-and postmenopausal women independent of other risk factors, 20, 21 perhaps via its relationship to insulin and weight. 18 The increased insulin concentrations in the IFG group may be responsible for the decrease in the SHBG secretion and the resultant increased FAI. This is similar to the ®ndings in women with polycystic ovary syndrome who are hyperinsulinaemic and it is hypothesized that this contributes to their increased androgenicity by insulin decreasing SHBG secretion from hepatocytes and therefore increasing the free fraction of androgens available for biological activity. 22 Oestrogen therapy has been reported to improve glucose metabolism in women with type 2 diabetes and this improvement was accompanied by an increase in SHBG, a decrease in free testosterone but no change in body weight or body fat. 23 The exact role of sex hormones and binding proteins in impaired glucose metabolism is still unclear. In our study there was no signi®cant effect on IFG onset by hormone therapy commenced after the start of the study.
The mid-life period in women is associated with weight gain and a change in the distribution of body fat. 6 The women who developed raised blood glucose concentrations had a signi®cantly greater increase in their BMI than the normal glycaemic group and this no doubt accentuated the development of insulin resistance in this group. In our cohort the risk of developing IFG was associated positively with BMI, the lowest categories of BMI (`24 kgam 2 ) being associated with reduced risk compared to higher categories ( b 25.6 kgam 2 ), although the results were not signi®cant. An unfavourable body fat distribution has been associated with an increased incidence of type 2 diabetes and waistahip ratio has been reported to be a better single screening measure for type 2 diabetes risk than BMI, and some researchers suggest that waist measurements alone are best. 24 In our cohort waist, waistahip ratio and skinfolds were so highly correlated with BMI that we cannot make such conclusions.
Type 2 diabetes is associated with a strong genetic predisposition 25 but this was not evident in our cohort. The genetics of type 2 diabetes are complex and have not been clearly de®ned. Sedentary behaviour has previously been reported to be associated with type 2 diabetes, 26 but was not demonstrated in our study. The women recruited into our longitudinal study were signi®cantly more likely to exercise at least once per week compared with eligible nonparticipants of the original population-based sample. 9 This may have reduced the incidence of IFG in the current cohort and is a limitation of this study.
The development of IFG did not appear to be associated with any particular phase of the menopausal transition or hormone therapy use. This is in agreement with Matthews et al, 2 but not with Poehlman and colleagues. 5 In Poehlman's study the sample size was small Ð 17 women remaining premenopausal and 18 experiencing the menopause. In our cohort increases in 5 y insulin concentrations were signi®-cantly and independently associated with increases in BMI and higher initial BMI levels.
In conclusion the 16% of our population who developed IFG during the menopausal transition exhibited signi®cantly higher levels of body fatness and dyslipidemia, premenopausally, compared with the women who did not develop IFG. The menopause per se was not associated with an increase in glucose concentrations and effective interventions in the prevention of IFG are to be encouraged, particularly avoiding the increase in body weight that generally occurs in the mid-life years.
